We present an overview of the diversity, distribution, and conservation status of all 60 species of the genus Peperomia (''radiator plants,'' Piperaceae), which are currently known from the state of Veracruz in Mexico, including a taxonomically updated reference list that includes information about life form, overall distribution, endemism, and occurrence in Mexican states and municipalities of Veracruz. Specifically, for this latter state, we provide information on elevational range, habitat, and distinguishing characters useful for identification or uses. Moreover, we realize an assessment of conservation status considering International Union for Conservation of Nature Red List categories and criteria at regional level. About 45% of Peperomia species from Veracruz belong to a threatened category, mainly because of the continued loss and fragmentation of natural habitats.
Introduction
Peperomia Ruiz et Pav. is the second largest genus in the family Piperaceae, following Piper. It includes approximately 1,600 taxa (Mathieu, 2001 (Mathieu, -2017 Samain et al., 2009) and is one of the 10 most species-rich genera of angiosperms (Frodin, 2004) . The species of Peperomia (e.g., ''radiator plant'', ''rat tail'') are distributed in the tropical and subtropical regions worldwide, although the largest diversity of the genus is encountered in the Americas, where it occurs in a wide range of habitats from southern USA to Argentina and Chile. Many species are endemic to the Andes and Amazon regions (de Figueiredo & Sazima, 2007; Frenzke et al., 2015; Mathieu, 2001 Mathieu, -2017 .
In Mexico, the knowledge on the genus Peperomia is still very poor, due to the difficulty to differentiate its species and the existence of many synonyms and illegitimate names (''herbarium names''; Mathieu, 2007) . However, it is one of the most species-rich genera of the country (Villasen˜or, 2016) . Currently, there exist only a few species lists or inventories at regional or state level, that mention species of Peperomia (Castillo-Campos, Robles, & Medina, 2003; Ceja-Romero et al., 2010; Hietz & HietzSeifert, 1994; Kro¨mer, Acebey, Kluge, & Kessler, 2013a; Sosa & Go´mez-Pompa, 1994) . However, concerning the taxonomy of the genus, these are often outdated and include synonyms or incorrectly identified species (Vergara-Rodrı´guez, 2013 ; Appendix A).
Together with the Mexican states of Chiapas and Oaxaca, Veracruz shows the highest diversity of Peperomia species throughout the country (Mathieu, 2001 (Mathieu, -2017 . Almost half of the 131 Mexican species can be found here; a selection of nine different taxa is shown in Figure 1 . A preliminary checklist reveals the presence of 60 species in Veracruz (Vergara-Rodrı´guez, 2013) , including three new ones that were recently published (Mathieu, Vergara-Rodrı´guez, Kro¨mer, & Karger, 2015) . The neighboring states show the following numbers: Chiapas: 78, Oaxaca: 68, Puebla: 35, Hidalgo: 29, San Luis Potosı´: 25, Tabasco: 20, and Tamaulipas: 19 (G. Mathieu, unpublished data) .
Although Veracruz has one of the highest diversities of vascular plants of any Mexican state (Castillo-Campos, Avendan˜o-Reyes, & Medina-Abreo, 2011; Villasen˜or, 2016) , it is also the one with the highest loss of natural vegetation in the country (SEMARNAT-PNUD, 2005) . Deforestation and changes in land use to implement agricultural land and livestock (Ellis, Martı´nez-Bello, & Monroy-Ibarra, 2011) impact natural habitats and reduce species richness and populations of vascular plants in general (Dirzo & Raven, 2003; Pimm & Raven, 2000) .
Species of the genus Peperomia are particularly vulnerable to forest destruction due to the dependence of numerous epiphytic members (ca. 43%; Zotz, 2013) to mature host trees (Barthlott, Schmit-Neuerburg, Nieder, & Engwald, 2001; Ko¨ster, Friedrich, Nieder, & Barthlott, 2009; Werner, Hohmeier, & Gradstein, 2005) . Furthermore, various species of the genus (e.g., P. hobbitoides, P. maculosa, P. peltilimba) are extracted from the wild and sold in local markets of Veracruz and other states for ornamental, medicinal, or consumption purposes (Cha´zaro-Basan˜ez, Pascual, Va´zquez-Ramı´rez, & Navare-Flores, 2012; VergaraRodrı´guez & Kro¨mer, 2011; Wendt, 2003) . However, this human impact on Peperomia diversity has been poorly investigated (Go´mez-Pompa, Kro¨mer, & Castro-Corte´s, 2010) , and consequently there are no Mexican species of the genus mentioned in the Mexican legislation (NOM-059-SEMARNAT-2010) for protection of flora and fauna, or in the Red List of Threatened Species published by the International Union for Conservation of Nature and Natural Resources (IUCN, 2016) . The only Peperomia species from Mexico considered in the latter treatment is P. pseudopereskiifolia, which was assessed as Least Concern due to its widespread distribution, large extent of occurrence, and no specifically known threats (Roberts, 2015) .
For these reasons, there is a strong need to improve the knowledge about the diversity, distribution, and conservation of the Peperomia species in Veracruz, since due to the destruction of natural habitats, many species might be found threatened or endangered (Go´mez-Pompa et al., 2010; Mathieu et al., 2015) . In this study, we present the first taxonomically updated and annotated species list of Peperomia for Veracruz. Furthermore, we provide an evaluation of the conservation status for each species, based on distribution data compiled from available herbarium material, the ''Taxonomic Repertory of the Genus Peperomia'' database (Mathieu, 2001 (Mathieu, -2017 , and recent collections by the authors.
Methods

Study Area
The state of Veracruz has a total area of ca. 72,000 km 2 , divided into 212 municipalities, which are grouped into nine administrative regions (from north to south): Huasteca, Totonaca, Nautla, Capital, Altas Montan˜as, Sotavento, Papaloapan, Los Tuxtlas, and Olmeca (Instituto Nacional de Estadı´stica y Geografı´a [INEGI], 2012; Vergara-Rodrı´guez, 2013) . It is located in eastern Mexico along the coast of the Gulf of Mexico in a transition zone between two biogeographic regions: the Nearctic and the Neotropics (Morrone, 2005) . Its geography encompasses two extensive coastal plains broken up by three important mountain ranges: (a) the Sierra Madre Oriental, (b) the Trans-Mexican Volcanic Belt with two of the highest peaks in Mexico, Pico de Orizaba (5,610 m) and Cofre de Perote (4,280 m; in the zone where the Trans-Mexican Volcanic Belt meets the Sierra Madre Occidental), and (c) the Sierra de Los Tuxtlas in the southern part of the state, with elevations up to 1,700 m (Figure 2) .
The heterogeneous geomorphology of Veracruz creates a wide variety of climate types, from warm tropical-dry to cold temperate-humid (Soto-Esparza & Giddings, 2011) . This variety of climates and the montane terrain delimits the presence of 19 vegetation types, including humid montane, pine-oak, and tropical humid forests, which are considered the most diverse ecosystems in Mexico (Castillo-Campos et al., 2011) . The combination of the abovementioned factors places Veracruz among the three most biodiverse states in the country, with a vascular flora of between 7,800 and 8,500 species (Castillo-Campos et al., 2011; Villasen˜or, 2016) . Despite being considered as a priority site for national and global conservation of biodiversity due to these outstanding ecological characteristics (Olguı´n, 2011), less than 8.6% of its original natural vegetation remains in isolated fragments. The rest of the state is covered by agricultural and pasture land, as well as secondary vegetation (Ellis et al., 2011) . Furthermore, there are still many parts of the state which lack a reliable inventory, especially in remote montane areas (Go´mez-Pompa et al., 2010) .
Database
The present study is based on the revision of 1,759 collections (total of 2,871 specimens including duplicates in Figure 1 . Some Peperomia species of Veracruz: (a) P. bracteata, (b) P. consoquitlana, (c) P. hispiduliformis, (d) P. leptophylla, (e) P. glabella, (f) P. rhexiifolia, (g) P. quadrifolia, (h) P. sanjoseana, and (i) P. vazquezii (Photographs a to d, g by D. Vergara-Rodríguez; e, f, h, and i by T. Krö mer).
several herbaria) and high-resolution digital photographs of Peperomia species collected in the state of Veracruz, Mexico, which were deposited in a total of 44 herbaria (Appendix B). The following data were obtained from the specimen labels and compiled in a database using FileMaker Pro 11.0v4 Advanced: species (taxonomic determination was evaluated for each revised specimen), information on the collector, collection number, specialist(s) who identified the specimen, municipality, locality, elevation, date, habitat, life form, latitude, longitude, size, and abundance. Additionally, we considered data from a total of 199 collections made between 2005 and 2016 in Veracruz by the authors and collaborators, which were deposited in the following herbaria: BR, EBT, GENT, MEXU, XAL, and XALU. The collection sites (e.g., the regions of Los Tuxtlas, Zongolica and Uxpanapa) were selected considering yet unexplored areas in relation to the genus Peperomia, which additionally are particularly species-rich, such as humid montane or tropical humid forests (Go´mez-Pompa et al., 2010) . Furthermore, the diversity of the genus Peperomia in Veracruz was identified based on the placement of all species in the recently published infrageneric classification of the genus (Frenzke et al., 2015) .
The analysis of the number of collections and species of Peperomia per administrative region and municipality was conducted with all 1,759 collections (100% of the total). A total of 1,227 collections (70%) had the relevant information about the vegetation type, and 1,200 collections (68%) were analyzed regarding their information on elevational distribution.
Geographic distribution at global, state, and municipality levels in Veracruz, as well as the life form, vegetation type, and the elevational range where species occur in Veracruz, are listed for each species in Appendix C. At least one representative voucher specimen per administrative region in Veracruz is cited for each species. Furthermore, the total number of collections per species is presented, indicating recent collections made between 2005 and 2016. This was done in order to identify the temporality and intensity of species collections, and, based on these parameters, to be able to evaluate species rarity and threats through time.
Conservation Status
An assessment of the conservation status was made for each species, following the categories and criteria mentioned in the guidelines for using the IUCN and Natural Resources Red List categories and criteria on a global level for the endemic species of Veracruz (IUCN, 2014, version 11) and on a regional level (IUCN, 2003 (IUCN, , 2012 version 4.0) for all other species. The application of criteria was based primarily on our extensive database, including collection data obtained from the labels of all revised specimens, together with land use information and land cover data (Ellis et al., 2011; INEGI, 2007; SEMARNAT-PNUD, 2005) , as well as field observations. Although we assume that we have the best available database to assess conservation status of Peperomia species from Veracruz based on geographic distribution, a detailed survey on population level is lacking for all of them. In the absence of population size data, we estimated for each species the area of occupancy, defined as the area of suitable habitat currently occupied by the taxon, excluding cases of vagrancy (IUCN, 2014) . We then analyzed detailed topographic maps of land use (INEGI, 2007) with ArcGIS 9.2 software and compared the distribution areas expressed in km 2 to the Criterion B (geographic range size, fragmentation, decline, or fluctuations; IUCN, 2014) to assign threat status by considering indications of continuing decline of habitat, the number of localities, or their severe fragmentation  Table 1 ).
Results
We recorded a total of 60 species of Peperomia for the state of Veracruz (Table 2 ; Appendix C), representing 46% of the 131 species registered so far for Mexico. Twenty species are considered as endemic to Mexico, eight of which are endemic to the state; 20 species have a limited distribution to Central America, 14 to Central and South America, 3 to Central, South, and North America, whereas 2 species are cosmopolitan. Most species grow epiphytic (23; 40%) or saxicolous (9; 16%), whereas other ones have various life forms, for example, epiphytic/saxicolous (8; 14%) or epiphytic/terrestrial (6; 11%).
The evaluation of the conservation status of Peperomia species present in the state of Veracruz indicated that there are 27 endangered species, that is, 45% of all species occurring in the state. All eight species endemic to Veracruz were found to be in some risk category according to the IUCN criteria (IUCN, 2012 (IUCN, , 2014 . Additionally, 11 of 12 species endemic to Mexico as well as 6 species with limited distribution to Central America are threatened in Veracruz. Finally, there are only two species with a wider distribution.
Nearly one third of the species (19) belongs to Peperomia subgenera Micropiper. The subgenera Pseudocupula, Leptorhynchum, and Oxyrhynchum are represented by 11, 11, and 9 taxa, respectively. Subgenera Tildenia and Hispidula are present with four and two species, respectively. The other subgenera, Pleurocarpidium, Erasmia, and Peperomia, are represented with one species each. Finally, one species is not placed in any subgenus because its relationships remain unclear.
The analysis of the number of collections and species by administrative region and municipalities showed the following: The regions with the highest values were Altas Montan˜as (327 collections/47 spp.), Capital (483/42), Los Tuxtlas (271/29), and Olmeca (253/22); Peperomia species were found in 103 of the 212 municipalities in Veracruz (48.5%) . The municipality with the highest number of registered collections was San Andre´s Tuxtla, with 191 collections (29 species), followed by Orizaba (110/23) and Hidalgotitla´n (108/14) .
The vegetation type with the highest number of recorded collections was the humid montane forest with 531 collections (43% of total records), followed by the tropical humid forest with 323 collections (26%). Peperomia species in Veracruz showed an elevational distribution between 0 to 2,850 m, where the range with the highest number of collections (249) is from 0 to 250 m. The elevational range from 1,250 to 1,500 m showed the highest species richness (37).
Discussion
This is the first study in Mexico that presents a taxonomically updated list of Peperomia and evaluates in detail its Micropiper
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conservation status. The genus is represented by 60 species in Veracruz, of which, according to our analysis, the eight endemic species of this state are endangered and therefore should be included in the IUCN Red List of Threatened Species. Additionally, 11 other species endemic to Mexico and 9 species with a wider distribution are in a risk category according to the IUCN criteria (2003, 2012) at the regional level. In total, 46% of the species in the state of Veracruz were listed as threatened due to the scarcity of its historical records and lack of current collections, as well as its restricted distribution areas and habitats threatened by continued loss and fragmentation of natural vegetation (Ellis et al., 2011) . In comparison, approximately three quarters of the grammitid fern species and all Phlegmariurus species in Veracruz are in some IUCN risk category at the regional level (Armenta-Montero, Carvajal-Herna´ndez, Ellis, & Kro¨mer, 2015; Kro¨mer, Acebey, & Smith, 2013b) . However, these two groups have fewer species, 18 and 9 respectively, in addition to growing mainly epiphytic in humid montane forest, which makes them more vulnerable to deforestation, since they depend on their host trees. Similarly, Tejero-Dı´ez, Torres-Dı´az, Mickel, Mehltreter, and Kro¨mer (2011) evaluated that 87% of the Pteridophytes of Veracruz (489 of 562 species) could be in one of three possible risk categories (endangered, threatened, and vulnerable). Of these, 28 species are in danger of extinction. These findings are related to the environmental sensitivity of these organisms, which makes them unique to different microhabitats, whereas human disturbance reduces their richness and abundance in fragmented and secondary vegetation (CarvajalHerna´ndez, Kro¨mer, & Va´zquez-Torres, 2014; Paciencia & Prado, 2005) .
Among the 14 species belonging to the genera Ceratozamia, Dioon, and Zamia that constitute the family Zamiaceae in Veracruz, all of which are endemic to this state (6 spp.) or to Mexico (8 spp.; NicolaldeMorejo´n et al., 2014), 10 of the 12 species evaluated were classified into some risk category (IUCN, 2016) . Similarly, of the 12 lianous species of the genus Aristolochia present in Veracruz (Ortega-Ortiz & Ortega-Ortiz, 1997), 7 were classified in some category of risk in the Red Book of the Flora of Veracruz (Herna´ndez-Baz & Rodrı´guez-Vargas, 2017) . According to the evaluation of Go´mez-Pompa et al. (2010) , 9 of the 98 endemic plant species of Veracruz are designated as rare and endangered because they are listed in the NOM-059- SEMARNAT-2010 (SEMARNAT, 2010 , CITES, and the IUCN Red List (IUCN, 2016). These species mainly belong to cacti, cycads, and orchids. For these plant groups, it is known that there is an alarming illegal collecting rate for sale abroad or locally as ornamental in markets and streets. Moreover, some 11 endemic species are considered endangered because their natural habitats are being destroyed or transformed by agricultural activities and are about to disappear, since they are limited only to a locality or region with small populations that are more vulnerable to extinction.
It should be emphasized that in this study, the conservation status of the Peperomia species was evaluated based on information delimited to the state of 
Veracruz, so that some species considered in a risk category in this work may have a different conservation status or even be assessed as abundant if analyzed at different spatial scales. For example, the recently described species Peperomia parastriata is considered as endemic to Mexico , where it is classified as least concern, because it is known from several localities, including the southern states Chiapas and Oaxaca. In contrast, this species occurs in Veracruz only in a limited area of the Uxpanapa region and was therefore evaluated in this study as Vulnerable. However, its conservation status assigned at the regional level of Veracruz is part of a widespread problem of fragmentation and deforestation, as it is the state with the highest deforestation rate at the national level (SEMARNAT-PNUD, 2005) . Another aspect to consider is the fact that the latitude of Veracruz represents the northernmost occurrence of some species of the genus, which generates populations that are diminished and fragmented by the proximity to its ecological limits (Brown, Mehlman, & Stevens, 1995; Thomas & Kunin, 1999) . Mexico has a total record of 131 species of Peperomia, ranking sixth in species richness of this genus in the world, where the Andean countries Peru (405 spp.), Colombia (258 spp.), and Ecuador (236 spp.) are the most diverse (Mathieu, 2001 (Mathieu, -2017 . The 60 species known from Veracruz are equivalent to 46% of the species richness of the genus in Mexico. Only Chiapas and Oaxaca have more species (17 and 7 more, respectively), since these states generally have the highest richness of vascular plants in the country (Villasen˜or, 2016) . The high species richness of Peperomia in Veracruz is due to the high environmental heterogeneity caused by an uneven topography and the confluence of a wide variety of climates and soils (Soto-Esparza & Geissert-Kientz, 2011) , which allow the presence of 19 different vegetation types, including humid montane, pine-oak, and tropical humid forests, which are considered the most diverse ecosystems in Mexico (Castillo-Campos et al., 2011) .
A total of 20 species of Peperomia from Veracruz are considered endemic to Mexico, including 8 which occur only within the state. This is similar to the genus Tillandsia (Bromeliaceae), a large genus dominated by epiphytic or saxicolous species, with 52 species in Veracruz, of which 4 species are unique to the state and 12 to Mexico (Espejo-Serna, Lo´pez-Ferrari, & Ramı´rez-Morillo, 2005) . Furthermore, Anthurium (Araceae) has 45 and 13 species in Mexico and Veracruz, respectively, 29 of which are endemic to the country but none to the state (Croat & Acebey, 2015; Espejo-Serna, 2012) , whereas Epidendrum (Orchidaceae) has 125 in Mexico and 33 species in Veracruz, 45 of which are endemic to the country and 2 to the state (Garcı´a-Cruz & Sa´nchez Saldan˜a, 1999; Soto et al., 2007; E. Ha´gsater, personal communication, November 10, 2016) . The high number of endemic species might reflect insufficient botanical exploration focused on specific plant groups in Mexico, and by extension in the Central American region. For instance, a series of expeditions focusing on the genus Peperomia were carried out in the last decade throughout the whole Neotropical region, combined with a detailed herbarium study. These efforts resulted in the discovery of 37 new taxa of Peperomia subgenera Tildenia and Fenestratae, which until then where little known groups of geophytic and window-leaved species, respectively, both occurring in very specific seasonal habitats Pino, Cieza, Wanke, & Samain, 2012; Samain et al., 2011) .
The abovementioned strikingly high number of species new to science emphasizes the importance and the need of field work in the (sub)tropics focusing on specific plant groups and the thorough review of herbarium material (Prance, Beentje, Dransfield, & Johns, 2000; Sobral & Stehmann, 2009 ). Bebber et al. (2010) suggest that, of the estimated 70,000 flowering plant species still to be described, more than half already have been collected and are stored in herbaria. Their data on new species published between 1970 and 2010 show that only 16% were described within 5 years of being collected for the first time, whereas the description of the remaining 84% involved much older specimens. Additionally, carrying out field work guided by geographical information taken from herbarium labels is also useful for the discovery of new taxa. Relevant data serve as a guide for exploring promising locations, by analyzing georeferences, vegetation type, and habitats. Consequently, field work, herbarium studies, and a revision of literature during the last decade revealed 22 new records of ferns for Veracruz (Kro¨mer, Carvajal-Herna´ndez, Acebey, & Smith, 2015) . Additionally, Castan˜eda-Za´rate, Vicco´n-Esquivel, Ramos-Castro, and Solano (2012) reported seven orchid species for the first time from this state. All of these were collected during recent field work, mainly in conserved fragments of humid montane forest. Both studies highlight the need of more floristic inventories in remote and mostly unexplored areas, as well as revisions of national and local herbaria, which may reveal additional species new to science or extensions of their distributional ranges.
With respect to the high species richness of the genus in Veracruz, due to the exceptionally high diversity of vegetation types in this state, the nine subgenera present in Mexico (Erasmia, Hispidula, Leptorhynchum, Micropiper, Oxyrhynchum, Peperomia, Pleurocarpidium, Pseudocupula, and Tildenia) are also represented here. The more species-rich subgenera at global level, which also contain large numbers of epiphytic species, are especially well represented. Four of them, Leptorhynchum, Micropiper, Oxyrhynchum, and Pseudocupula are represented by approximately 50% of their species that occur in Mexico, confirming the extraordinary species richness in the state of Veracruz. Moreover, as can be observed in Table 2 , most of the species of these highly diverse subgenera each show various life forms, confirming that life form flexibility is an important factor that adds to the success of the genus Peperomia (Frenzke, Goetghebeur, Neinhuis, Samain, & Wanke, 2016) .
Regarding the municipal distribution, the species studied are found in almost half of the 212 municipalities of Veracruz, located mainly in the regions Altas Montan˜as, Capital, Los Tuxtlas, and Olmeca, with the municipality of San Andre´s Tuxtla being the richest in both collections and species recorded. These regions are dominated by tropical humid and humid montane forests, which shows that many Peperomia species have a preference for living in warm or temperate areas with high humidity conditions. Consequently, these forest types harbor the majority of species, many of them growing as epiphytes on their host trees or saxicolous associated with bryophyte cushions or on rocks in riparian areas. Moreover, many epiphytes are sensitive to microclimatic changes caused by the disturbance of their habitats (Kro¨mer, Garcı´a-Franco, & Toledo-Aceves, 2014; Larrea & Werner, 2010) .
Unfortunately, these two vegetation types show very high deforestation rates and are mostly threatened by land use changes in Veracruz, where many of the remnants of natural vegetation were replaced by crops, grassland, and slash and burn agriculture (Comisio´n Nacional para el Conocimiento y Uso de la Biodiversidad, 2010; Ellis et al., 2011) . In this situation, the reduction of natural habitats for the flora of Veracruz is alarming, since a high number of endemic species in the state currently are threatened by human activities and environmental degradation (Go´mez-Pompa et al., 2010) .
Implications for Conservation
Although Peperomia is one of the plant genera with highest species richness and many endemic representatives in Mexico (Mathieu, 2001 (Mathieu, -2017 Villasen˜or, 2016) , we currently lack systematic studies focused on its distribution in the country, which is essential to generate specific strategies for conservation and preservation in their natural habitats (Llorente-Bousquets, Micha´n, Gonza´lez, & Sosa, 2008) . The reduction of habitats due to human activities as well as the age of the collections or lack of botanical explorations in poorly studied areas are the main factors affecting the conservation assessment of Peperomia species in Veracruz, which shows that about 44% belong to a threatened category.
These results contrast with the current national legislation stating that no Peperomia species reported for Veracruz is mentioned in the NOM-059- SEMARNAT-2010 (SEMARNAT, 2010 , and none is included in the IUCN Red List (IUCN, 2016) . Therefore, their protection in situ, that is, the conservation of their natural habitats, must be of high priority. In this context, CastilloCampos, Halffter, and Moreno (2008) proposed to create a system of many protected sanctuaries distributed throughout the state in order to protect its flora under the plan of ''archipelago sanctuaries'' described by Halffter (2005) , where all landscape units are connected by small protected areas. Furthermore, conservation ex situ is necessary, that is, the cultivation in Mexican and foreign botanical gardens of mainly those species that are endemic or in danger and thus might become extinct. Another viable option might be the creation of municipal or rural community greenhouses or nurseries in the framework of a Wildlife Management Unit (UMA; Á vila- Foucat & Pe´rez Campuzano, 2015; Robles, 2009) , where a number of economical important species, for example, used for ornamental, medicinal, or consumption purposes (Cha´zaro-Basan˜ez et al., 2012; VergaraRodrı´guez & Kro¨mer, 2011) , could be cultivated and preserved.
Appendix A
List of excluded Peperomia names. For completeness, we mention the accepted species names, listed as occurring in Veracruz (Sosa & Go´mez-Pompa, 1994) , with the argumentation for which they cannot be retained any longer. Names not mentioned here have been documented earlier as synonyms or are otherwise illegitimate (Mathieu, 2001 (Mathieu, -2017 .
P. acuminata Ruiz and Pav.
In Mexico, P. acuminata appears to be restricted to Chiapas and Oaxaca.
P. alata Ruiz and Pav.
In Mexico, P. alata appears to be limited to Chiapas. Some historical specimens from Veracruz, identified as this species, belong to P. epidendron.
P. angularis C. DC.
Peperomia angularis is a South American species. Most Mexican specimens, earlier identified as this species, belong to P. sanjoseana.
P. blanda (Jacq.) Kunth
Peperomia blanda is likely the most misapplied name in Peperomia. Its occurrence appears to be limited to northern Venezuela (Zanotti, Suescu´n, & Mathieu, 2012) .
Specimens from Veracruz, identified with this name, belong to several species: P. arboricola, P. botterii, P. donaguiana, P. hondoana, P. liebmannii, and P. subblanda.
P. galioides Kunth
Specimens from Veracruz, earlier identified as P. galioides, appear to belong to P. leptophylla.
P. gracilis Dahlst.
This is an exclusively Brazilian species.
P. hispidula (Sw.) A. Dietr.
Specimens from Veracruz, earlier identified as P. hispidula, appear to belong to P. hispiduliformis. Peperomia hispidula does occur in Chiapas.
P. hondoana Trel. and Standl.
We consider the specimens from Veracruz that have been identified as P. hondoana as belonging to P. camptotricha.
P. humilis A. Dietr.
Specimens from Veracruz, earlier identified as P. humilis, appear to belong to several other species: P. arboricola, P. botterii, P. donaguiana, P. hondoana, P. liebmannii, and P. subblanda.
P. inaequalifolia Ruiz and Pav.
Specimens from Veracruz, earlier identified as P. inaequalifolia, appear to belong to P. leptophylla.
P. microphylla Kunth
This is a South American species, also reported from Costa Rica, but not further northwards.
P. miqueliana C.DC.
This is an exclusively Ecuadorean species.
P. peltoidea Kunth
This is a South American species.
P. pereskiifolia (Jacq.) Kunth
This species does not occur in Mexico and is very likely completely lacking from Central America as well. Specimens identified as this species belong to several morphologically close species. In Veracruz, this is usually P. angustata.
P. polystachyos (Ait.) Hook.
Specimens from Veracruz, earlier identified as P. polystachyos, appear to belong to several other species: P. arboricola, P. botterii, P. donaguiana, P. hondoana, P. liebmannii, and P. subblanda.
P. praeteruentifolia Trel.
This species does occur in Chiapas. Specimens we saw from Veracruz have been misidentified.
P. serpens (Sw.) Loudon
Peperomia serpens does not occur in Mexico. Specimens, earlier identified as P. serpens, appear to belong to P. urocarpoides.
P. tacanana Trel. and Standl.
This species appears to be limited to Guatemala and El Salvador.
P. umbilicata Ruiz and Pav.
The occurrence of P. umbilicata is limited to the Peruvian coastal region. Specimens from Veracruz, earlier identified as P. umbilicata, usually belong to P. bracteata.
P. urocarpa Fisch. and Mey
Peperomia urocarpa does not occur in Mexico. Specimens, earlier identified as P. urocarpa, appear to belong to P. urocarpoides.
Appendix B
Information on consulted herbaria and the number of revised specimens of Peperomia species collected in the state of Veracruz, Mexico. Conservation status: LC in Veracruz. Very frequently collected species with wide distribution in the regions Altas Montan˜as, Capital, Huasteca, Los Tuxtlas, Nautla, and Olmeca.
Notes: Resembling P. deppeana, P. edulis, and P. hoffmannii, which show inflorescences with a glabrous rachis (or with minute papillae). However, the rachis of P. berlandieri is pubescent. Peperomia edulis has larger and more orbicular leaves. Use: edible. See notes under P. edulis.
Peperomia botterii C.DC., Journ. Bot. 4:145, 1866 Distribution: Mexico (HGO, TAM, VER). Endemic.
Representative specimens from Veracruz: Acultzingo: A. J. Sharp 44636 (P). Orizaba: M. Bourgeau 2548 (G, G-DC, P, US).
Collections examined: 12 (recent: 0). Ecology: Preferred habitat not recorded. Elevation 2,000-2,300 m.
Conservation status: Endangered (EN) B2ab(ii,iii) in Veracruz. Known from 12 collections made in three localities (AOO: 250.30 km 2 ) in the municipalities of Acultzingo and Orizaba in the region Altas Montan˜as. Its distribution is limited and the area where it occurs is vulnerable to deforestation. In the last decades, its habitats are heavily threatened by urban expansion and changes in land use. In Veracruz, it is known from the type collection and the most recent collection dates back to almost 70 years.
Notes: The accurate identification of P. botterii, P. donaguiana, P. liebmannii, and P. subblanda apparently poses difficulties and many herbarium specimens bear each other's names. Even the name of the exclusively South American P. blanda is repeatedly suggested. Collections of this species rarely mention data about ecology and habitat. It is recommended to locate the plant in its environment and to take measures, in situ and ex situ, for its conservation. Collections examined: 21 (recent: 2). Ecology: Saxicolous, geophytic herb with small tuber, usually growing in limestone cracks, in humid montane and pine-oak forests (one collection is reported from grassland). Elevation 1,250-2,650 m.
Peperomia bracteata
Conservation status: LC in Veracruz. This species is well collected, also recently, and shows a wide distribution in the regions Altas Montan˜as, Capital, and Huasteca.
Notes: Resembles P. monticola. In P. bracteata, the fruits are ellipsoid. In P. monticola, they are larger, subcilindrical, and distinctly shiny black when mature. Commonly known as ''ombligo de tierra'' (earth navel).
Peperomia camptotricha Miq., Syst. Piperac.
144, 1843
Distribution: Mexico (CHIS, COL, OAX, VER). Endemic.
Representative specimens from Veracruz: Emiliano Zapata: J. Dorantes and V. Va´zquez 4288 (XAL, XALU) . Ixtaczoquitla´n: M.-S. Samain et al. 2007-108 (BR, GENT, MEXU) . Zongolica: T. Kro¨mer et al. 3795 (BR, MEXU, XAL) .
Collections examined: 14 (recent: 2). Ecology: Epiphytic, terrestrial, or saxicolous herb in tropical deciduous, tropical semi-deciduous, and humid montane forests as well as in riparian habitats. Elevation 300-1,590 m.
Conservation status: Vulnerable (VU) B2ab(ii,iii) in Veracruz. Known from five locations (AOO: 1,682 km 2 ) in the regions Altas Montan˜as and Capital. These areas are prone to deforestation due to anthropogenic factors. Although the species has been found in disturbed areas, it might be at risk of disappearance. Collections examined: 4 (recent: 1). Ecology: Saxicolous herb, growing in moist, shady habitats (narrow canyons, cave entrances) or under very humid conditions in the mist of waterfalls. Occurs in pine-oak forests. Elevation 2,700-2,830 m.
Conservation status: Endangered (EN) B2ab(ii,iii), as it is known from four collections only, limited to one locality in the Capital region (AOO: 57.11 km 2 ), and thus considered as endemic to the central montane region of Veracruz . Besides, there are ongoing changes in land use of its pine-oak forest habitat, which is not included in the Veracruz protected areas network. Botanical exploration of similar habitats is recommended to check the presence of the species and possibly enlarge its reported area of distribution.
Notes: Resembling P. hispiduliformis, but differing by the trailing habit, the slightly peltate leaves with scarce villous trichomes and the main nerves four and five making an angle of 90 with the central nerve, whereas six and seven run into the lobes.
Peperomia cobana C.DC., Bot. Gaz. 19:260, 1894 Distribution: Mexico (CHIS, OAX, VER), Guatemala, Honduras.
Representative specimens from Veracruz: Acajete: D. Vergara and J. L. Salazar 018 (XAL, XALU) . San Andre´s Tuxtla: E. Diggs et al. 2664 (F, GH, MO, NY, US).
Collections examined: 15 (recent: 2). Ecology: Epiphytic or terrestrial herb in tropical semideciduous, humid montane, and pine-oak forests. Elevation 820-1,900 m.
Conservation status: LC in Veracruz. Although it has been taken for a rare species, recent findings extend its distribution to the regions Capital and Los Tuxtlas.
Notes: Resembles P. magnoliifolia, P. obtusifolia, and P. pseudoalpina. It differs from these species by its somewhat acuminate leaves and its compound axillar inflorescences. In P. obtusifolia, the leaves are more obovate with an obtuse apex and have longer petioles. It shows solitary inflorescences and urn-shaped fruits with a long, slender apical beak. Peperomia magnoliifolia exhibits orbicular to elliptic leaves with short petioles. Its inflorescences are usually compound and fruits are ellipsoid with a short apical beak. Peperomia pseudoalpina shows leaves with an obtuse or sometimes emarginate or shortly acute apex and terminal or leaf opposed inflorescences. Conservation status: LC in Veracruz. Although this species is endemic to Mexico, it shows a large municipal distribution in the regions Altas Montan˜as, Capital, and Los Tuxtlas. It also appears to be found in disturbed habitats.
Peperomia conocarpa
Notes: The species has a rather characteristic habit. It shows pubescent, reddish stems and a large, terminal, and solitary inflorescence.
Peperomia cordovana C.DC., Linnaea 37:374, 1872
Distribution: Mexico (VER). Endemic.
Representative specimens from Veracruz: Co´rdoba: M. Martı´nez 225 (US). Orizaba: M. Bourgeau 1804 (G-DC, K, P).
Collections examined: 6 (recent: 0). Ecology: No data are included because of the age of the mentioned collections.
Conservation status: Endangered (EN) B2ab(ii,iii) . Known from four collections made in the municipality of Orizaba without precise location and from two collections from Co´rdoba (AOO: 55.03 km 2 ), corresponding with the region Altas Montan˜as. The majority of the collections was made between 1855 and 1867, the most recent one is from 1937. Precise information about its habitat is lacking, but this species likely has been collected on the slopes of the Pico de Orizaba volcano. The forests in the municipalities Co´rdoba and Orizaba have been altered strongly in the last decades due to urban expansion and changes in land use.
Notes: This species resembles P. glabella but the margin of its leaves, especially the younger ones, shows some ciliation. One has to pay attention to the correct type: Bourgeau 1804 at G-DC, K and P (several specimens) represents P. cordovana. The same collection number at BR, C, GH, P (one specimen), S, and US represents P. lanceolatopeltata. It is recommended to establish the current distribution of the species and to take measures for its protection. Collections examined: 51 (recent: 8).
Peperomia dendrophila
Ecology: Repent epiphytic herb in tropical humid, tropical deciduous, tropical semi-deciduous, humid montane, and pine-oak forests as well as in grasslands and riparian habitats. Elevation 120-2,600 m.
Conservation status: LC in Veracruz. A frequently collected species with wide distributions in the regions Altas Montan˜as, Capital, Huasteca, Los Tuxtlas, Nautla, and Olmeca.
Notes: Resembles P. berlandieri. The leaves of P. deppeana are glandular dotted, are widely emarginated, and show a ciliate margin in its apical half. In P. berlandieri, the leaves lack the glandular dots. They are narrowly emarginated and show a ciliate margin only in and near the apical notch. The fruits of P. deppeana show a short style, whereas in P. berlandieri, a long style is present. See notes under P. edulis. Notes: Differs from P. berlandieri by its glabrous rachis. To be distinguished from two species that also show a glabrous rachis: P. hoffmannii and P. rupigaudens. The leaves of both these species are distinctly smaller, long obovate in P. hoffmannii and suborbicular in P. rupigaudens. It is recommended to establish the current distribution of this species, not collected in the state during the last 170 years, and to take measures for its protection. Representative specimens from Veracruz: Altotonga: F. Ventura 17755 (ENCB, MEXU, US, XAL). Calcahualco: M. Nee and G. Schatz 19748 (F, MEXU) . Huayacocotla: D. Vergara and F. Vergara 089 (XAL, XALU) .
Peperomia donaguiana
Collections examined: 12 (recent: 2). Ecology: Terrestrial or saxicolous herb in humid montane and pine-oak forests. Elevation 1,750-2,700 m.
Conservation status: LC in Veracruz. Although it is not a common species, it has a wide distribution in the regions Altas Montan˜as, Capital, and Huasteca and it is known from recent collections.
Notes: Small species with delicate, pubescent leaves and loosely flowered inflorescences. The species exhibits minute whitish transparent tubers along the roots that have been rarely collected.
Peperomia hobbitoides T. Wendt, Lundellia 6:37, 2003 Distribution: Mexico (VER). Endemic.
Representative specimens from Veracruz: Minatitla´n: T. Wendt et al. 3470 (F) . Uxpanapa: T. Kro¨mer et al. 3870 (BR, GENT, MEXU, XAL) .
Collections examined: 8 (recent: 2). Ecology: Occasionally epiphytic but usually saxicolous herb, generally growing in limestone cracks in tropical humid forests. Elevation 75-370 m.
Conservation status: Vulnerable (VU) B2ab(ii,iii). Known from seven, relatively nearby locations (AOO: 1,292 km 2 ). The species occurs in the Olmeca region where it has been collected between 1970 and 2010 in the rı´o Uxpanapa area. This area was heavily affected in the 1970s and 1980 s and its deforestation is considered as one of the most important cases of environmental destruction in modern Mexican history.
Notes: Edible plant, used as a condiment in regional cooking as it has a strong smell of coriander (Coriandrum sativum). Locally known by the name ''cilantro de monte'' or ''cilantro de la roca'' (montane cilantro or rock cilantro). See notes under P. asarifolia and P. vazquezii. Collections examined: 30 (recent: 9). Ecology: Epiphytic, terrestrial, or saxicolous herb in tropical humid, tropical semi-deciduous, humid montane, and pine-oak forests. Elevation 500-1,450 m.
Peperomia hoffmannii
Conservation status: Near Threatened (NT) in Veracruz. Although not very common, the species shows a wide distribution in the regions Capital, Huasteca, Los Tuxtlas, and Nautla. Not considered at risk, but deserving attention because of the pressure on its habitat and its attraction as a useful plant.
Notes: Edible, used as a condiment in several regions of the state. Commonly known as ''cilantro de monte'' (montane cilantro) or ''nacazgu¨illo.'' article: The Consejo Nacional de Ciencia y Tecnología (CONACyT) provided a scholarship to Daniela VergaraRodríguez (No. beca 309726). This study was supported by a postdoctoral grant from the Universidad Nacional Autónoma de México and a PROMEP grant to Thorsten Krömer (PROMEP/103.5/07/ 2753).
